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?　?:情感文本分类(简称情感分类)是一种面向主观信息分类的文本分类任务。目前 ,由于其广泛的应用前景 ,
该任务在自然语言处理研究领域中得到了普遍关注 ,相继出现多种用于情感文本分类的有监督的分类方法。该文
具体研究四种不同的分类方法在中文情感分类上的应用 , 并且采用一种基于 S tacking 的组合分类方法 , 用以组合
不同的分类方法。实验结果表明 ,该组合方法在所有领域都能够获得比最好基分类方法更好的分类效果。从而克
服了分类方法领域依赖的困境(不同领域需要选择不同基分类方法才能获得更好的分类结果)。
???:计算机应用;中文信息处理;情感分类;组合分类器
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Chinese Sentiment Classification Based on Stacking Combination Method
LI Shoushan , HUANG ChuRen
(The Hong Kong Po ly technic Unive rsity , Department of Chinese & Bilingual Studies , Hong Kong , China)
Abstract:Sentiment-based te xt catego rization (for sho rt , sentiment classification) is a task of classifying tex t
acco rding to the subjective information in the text.Nowadays , it has been clo sely studied in the research field o f
natura l language processing(NLP)due to its wide rea l applications.As a re sult , many supe rvised machine learning
classification approaches have been applied to this ta sk.I n this paper , we resea rch on four classification appro aches
and propose a new combina tion method based on stacking to combine these four approaches.Experimenta l results
show tha t our combination method achiev es better perfo rmances than the best sing le one.The refore , this
combina tion method can avoid selecting a suitable classification appro ach acco rding to differ ent domains.
Key words: computer application;na tur al language pro cessing; sentiment classification;multiple classifie r
combina tion
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?? ,?????????????????
?????。????????????????
?? ,??????????? 、???? 、???
???? 。????????????????
? ,????????????????????
????? ,????????????????
?? 。???????????????????
????????? ,????????????
????????[ 1] 。?? ,?????????
????“?”??“?” 。???????????
? ,????????????????????
??? 。??????????????????
????(ACL 、EMNLP 、SIG IR 、WWW ?)???
??????。?? ,????????????
????? ,????????????????
???? ,?? ,??[ 2-4] 。
???????? ,???????????
???????? ,?????????????
???????? ,?????????????
????。?????????????????
?????????[ 1] 。?? ,????????
5 ? ????:?? Stacking ???????????????
?????????? ,???????????
???????????????。??[ 4] ??
??????????????(????)???
???? ,????????????? ,????
????(N aive Bayes , NB), ???(Maximum
Entropy , ME)?????? (Support Vector
Machine s , SVM)。?????????????
??? SVM ?????????。??????
??????? SVM ?????????? ,?
? ,??[ 5-6] 。????????????? ,?
?[ 8]?? K-??(KNN),??? Winnow , NB ?
SVM ???????????????????
??? ,?????? SVM ?????????
??????? 。??[ 9]??????? ,???
???? SVM ????????????? ,?
?????????? ,SVM ?????????
??????。?? ,??[ 10] ????????
????????? , ??????????
(Big ram)???????????? , NB ???
??????。?? ,?????? SVM ???
??????????????????? ,??
??????????????????????
?????。
?????????????? ,?????
? ,??? ,?????????????????
??????????????。???????
????????????。?????????
??????????????????????
????????。?? ,??????????
??????????? ,??????????
????????????????。
???????????:? 2??????
???????????????;? 3????
? Stacking ????????;? 4??????
???;?????????????????? 。
2　??????????
2.1　?????(Naive Bayes , NB)
　　????????????????????
??????????????[ 11] 。?????
????????? Unigram ?? ,??????
????????? ,????????????
?? ,???? ,????????? 。?????
? DF ????? ,?????????????
?:0??????????????? , 1???
? 。??? d ??? c ??????:
P(c|d)=
P(c)∏
t ∈V
P(d(t)|c)
∑
c
P(c)∏
t ∈V
P(d(t)|c) (1)
　　?? ,
P(d(t)|c)=1 +N(d(t)|c)
2 +|dc| (2)
　　?? , P(d(t) c)??? c?????? t ??
???????????? , N(d(t) c)? c??
???? t ?????? ,  dc ? c??????
?????? 。???????? , c ∈{-1 , 1},
??????(?)????(?)。
2.2　???(Maximum Entropy ,ME)
????????????????? ,??
???????????????? ,?????
???????? 。???? ,????????
? ,????????? ,???????????
? 。?????????? ,?????????
??????????????????。?? ,
??????????????? ,??????
??????。
??????? ,?????? P(c d)???
??:
P(c|d)= 1
Z(d)exp (∑i λi , cF i , c(d , c))(3)
　　?? ,Z(d)?????? 。F i , c????? ,?
??:
F i , c(d , c′)= 1 , n i(d)>0　and 　c′=c
0 o therw ise
(4)
　　????????? ,??????????
???????????????????。
2.3　?????(Support Vector Machines , SVM)
???????????????????
? ,????????????????????
?(Decision surface),?????“??”????
????????[ 12] 。???????????
??????????????????????。
????????????????????
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? ? ? ? ? ? 2010 ?
?????????????? 1/ ‖ w ‖????
??? ,?????? ,????????????
?????(??????????),?????
????????????? ,????????
????“????” 。?? ,?????????
??????????? 。??????????
??????。???? ,??????????
???????????????[ 5-7] 。
2.4　??????(Stochastic Gradient Descent ,
SGD)
　　???????????????[ 13] , ?
f(d)=w Td 。?? d ????????。???
???????????????? w ??:
w =arg min
w ∑X ,Y L(w Td , c)+λ2 ‖w‖ 22 (5)
　　?? , ‖w ‖ 22 =w Tw , λ?????????
?? 。??λ=0 , ???????????。
???? ,???????????????
????????(5)???????? ,????
SGD?????????[ 13] :
w t =w t-1 -ηtS -1(λw t-1 +L′1(w Tt-1d t , ct), d t)
(6)
　　?? L′1(p , y)=  pL(p , y), (d t , ct)????
?? t?????? ct 。?? S ????????
????(Pre-condit ioner)。???? , ????
????????。ηt >0 ????????? 。
??????????[ 13] :
　　???　w 0
for t=1 , 2 , ...
　　?????????????(d t , ct);
　　??w t-1??:
w t = w t-1 -ηtS -1(λw t-1+L′1(w Tt-1 d t , ct), d t);
end
??????????????????[ 13] 。
??[ 14]??????????????????
? ,???? SVM ???????。
3　??????
????????????????????
????????? ,????????????
???????????????[ 15] 。????
??????????????????????
?????????? 。
3.1　??????
?????????? ,?????????
???????。?????????????
? 。????????????????????
????;?????????????????
??????????????。??:????
???? ,???????????? 、?? 、??
? 。???????????????????
? ,?? ,??????????????????
????。?????????????????
???????。??????????????
? ,? K-??(KNN)?????????? ,??
?????(SVM)?????????????
??? 。?? ,???????????????
???????????? 。?????????
?????????????????。
3.2　????
????????????? ,??????
?????????????????。????
????“?????”????????????
?[ 1 5] 。?????????? ,???????
(Fixed Rules)?????????(T rained
Rules)。??????????????????
????? 。?????? ,??? ,??????
??(Vo ting Rule)?????[ 15] 。??????
???????????????? ,?????
???????? 。
??? R ????????? f k(k =1 , …,
R),???????? x ?????? L k(Lk =
c1 , …, cm)。?? ,??????????????
???:Pk = [ p(c1 dk), …, p(cm dk)] t , ??
p(ci dk)???? dk ???? ci ???。???
? dk ???? cj ,??????????????
????? 。??????????????:
???????[ 15] :
????:
assign　y ※cj
j = arg max
i
p(ci)∏R
k =1
p(ci |dk)(7)
　　????????????????????
?????(Meta-learning)。?????????
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5 ? ????:?? Stacking ???????????????
? ,??????????????????[ 16]
(?????),?:
Pmeta =[ P1 ,P2 , …, Pk , … , Pm] (8)
　　????????????????????
??? ,????????????? 。
3.3　?? Stacking????????
?? Stacking ?????????????
??????????[ 17] 。?????????
??????????????? 。??????
??????? ,? NB ,ME , SVM ? SGD ,???
???????。?? ,???????????
??????。????????(?????)?
?? ??? ??? N-fo ld ? ?? ?(Cro ss
validation)??? 。?? ,??????????
?????????? ,??????? ,????
?? SVM ? ME????? 。?? Stacking ??
??????????????? 1??。
? 1　?? stacking ?????????????
???? ,?? x′????????????
???? ,??????? N-fo ld???????
??????(?? 1fold??)?????? 。?
l?????(??? N -1 ? fo ld??????
?)f l ??????????? P(x′l)?????
??{c1 , c2}????? ,? ,
 P(x′l)=<p(c1|x′l), p l(c2|x′l)> (9)
　　????????????????????
???? xmeta ∈R 2×l
x
meta =< P(x′1), P(x′2), …, P(x′l)>(10)
　　????????????????????
??????????????。???????
???????(? 2×l),??????????
????? 。?? ,?????????????
????? 。
4　???????
???? ,???????????????
????????????① ,????????
?????? ,????? 2 000 ???。???
????????? ,???????②????
???????????????? 。?????
?????? DVD????? 。???????
????????????????? ,????
??? 1 600 ??? 。????? ,???? 80%
????????? ,??? 20%???????
? 。???????????? ,SVM ?????
?? lig ht-SVM ③ , NB ? ME ???? MALLET
???????④。?????????? ,??
????????????? ,?? SVM ???
?????? 。SGD???????????(?
???[ 13])。?????? ,?????????
? ηt =0.002 ,???? L(x , y)? Huber ???
?[ 1 8] 。????? Stacking ???????? ,?
?????????? 5-fold?????????
??? 。?????? SVM ? ME ??????
????? 。?????? ,?????????
?????????—?????????。
?????????????????? ,?
????:
Acc =number of correctly classi f ied samp les
total number of all samples
(11)
　　??????? ,????????????
??????????? ICTCLAS ??????
????? 。????????? ,??????
?? Unig ram ? Unig ram+Big ram ???? ,??
?????????。
? 1?? 2???????????????
???????????????。? 1?? 2?
????????? Unig ram ? Unigram+Bigram
59
①
②
③
④
ht tp:// www.s earchforum.org.cn/ tans on gbo/
ht tp:// www.amazon.cn/
ht tp:// svmlig ht.joachims.org/
ht tp://mallet.cs.umass.edu/
? ? ? ? ? ? 2010 ?
? 1　????????????????
(???? Unigram??)
?? SGD M E NB SVM
?? 0.769 0.785 0.785 0.762
DVD 0.752 0.759 0.740 0.765
?? 0.858 0.849 0.858 0.861
?? 0.860 0.850 0.853 0.855
? 2　????????????????
(???? Unigram+Bigram??)
?? SGD M E NB SVM
?? 0.775 0.794 0.801 0.798
DVD 0.762 0.768 0.774 0.737
?? 0.870 0.864 0.876 0.867
?? 0.875 0.882 0.891 0.878
??????? 。?? 1 ??????? ,???
Unigram ??? ,??????????????
?。SVM ?????????? ,???????
?????????? 。?? ,?? 2?????
?? ,NB?????????????? 。??
????[ 10]?????。??? 1 ?? 2 ??
? ,?????? ,???? Bigram ??????
????????。???? ,????????
? 3　????????????????
(???? Unigram??)
?? ???????? ????
S tacking
(S VM)
S tacking
(ME)
?? 0.785 0.788 0.811 0.808
DVD 0.765 0.778 0.781 0.778
?? 0.861 0.870 0.868 0.877
?? 0.860 0.880 0.873 0.878
? 4　?????????????
(???? Unigram+Bigram??)
?? ???????? ????
S tacking
(S VM)
S tacking
(ME)
?? 0.801 0.805 0.798 0.811
DVD 0.774 0.768 0.784 0.787
?? 0.876 0.874 0.880 0.886
?? 0.891 0.894 0.900 0.900
????? ,???????? ,????????
?????????????? 。
? 3?? 4???????????????
??????。? 1?? 2??????????
Unig ram ? Unigram +Bigram ???????。
?????? Stacking ????????? ,??
??????????????????????
????????。?? 3 ?? 4 ??????
? ,????????????????????
?????????????(? DVD ????
Unig ram +Big ram ???? 0.6%?????)。
?? ,?? Stacking ?????????????
??? ,????????????????。?
??????????? ,??????????
?????????????? ,???????
???????????? 。?????????
????????????? 。????? , ME
???????????? ,?????????
????。
????????????????????
??????? ,?????????????? ,
???????? ,?????????????
??????????????????????
???(??? 1??? ,ME ?????????
?????????? , SGD ??????)。?
???? ,?????????????????
???????????? ,??????? ,??
????(0.811)????????(0.775)???
3.6%。?? ,???? ,???????????
????? ,???????????? 。???
????????????????? ,????
?????????????????????
? 。????????????????????
???????? ,???????????? 。
5　??
?????????? ,?????????
???????????。??????????
?????????? , ????????
Stacking ??????????????????
?? ,??? NB? ME ? SVM ? SGD。???
? ,????????????????????
???????????。??????????
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5 ? ????:?? Stacking ???????????????
??????????(????)??????
? ,????????????????????
?? 。
?????????? ,?????????
??????? ,??????????????
??????????????????????
???? 。?? ,??????????????
?????????? ,???????????
??????? ,??????????。?? ,?
?? ?????? (Sentiment)???? ?
(Emo tion)????? ,???????????
???????????????? ,?????
??????。
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